For breast cancer patients who have undergone neoadjuvant chemotherapy (NAC), a sentinel lymph node biopsy (SLNB) has not been recommended until recently. This is due to the possible lymph-flow interruption caused by fibrotic changes following chemotherapy and possible increases in false-negative cases. We investigated the changes in the lymph-flow and the detection of sentinel lymph nodes (SLNs) using computed tomography (CT) lymphography before and after NAC. We enrolled 53 patients with breast cancer who had undergone CT lymphography between May 2004 and April 2006. In total, 75 examinations were performed; 44 before NAC and 31 just after NAC. The CT lymphography procedures were approved by the medical ethics committee of our university. After a comprehensive explanation, written informed consent was obtained from all the patients, prior to enrollment in the study. Differences in changes in the lymph-flow, detection of SLNs, and changes in the number of detected SLNs were examined before and after NAC. Differences in the categoric variables were analyzed using the Chi-square test or Fisher's exact test. The identification rate (90.5%) of the SLNs following NAC was higher than the one before NAC (79.5%). However, no statistically significant difference was noted. No interruptions to the lymph-flow prevented the detection of SLNs by NAC. By performing CT lymphography before and after NAC, the interruption to the lymph-flow can be checked and the site of SLNs can be identified prior to surgery. We found that SLNB is recommended for breast cancer patients with or without NAC.
Introduction
Surgical procedures for patients with breast cancer are becoming less invasive, and breast-conservation treatment (BCT) is now extensively performed. Additionally, due to the increase in the number of patients whose primary lesion and/or axillary lesion are totally controlled by neoadjuvant chemotherapy (NAC), the number of possible candidates for BCT is also increasing.
Previously, axillary lymph node dissection (ALND), which involves total resection of the regional lymph nodes, was considered to be essential for breast surgery for patients with breast cancer, and was performed worldwide. It has been observed however, that ALND decreases the rate of axillary recurrence without any evidence of survival benefits for patients with breast cancer (1) . In addition, axillary irradiation decreases the rate of axillary recurrence for breast cancer patients with clinically-negative axillary lymph nodes (2, 3) . Therefore, ALND is becoming a method for recognizing the existence or absence of lymph node metastases, and/or preventing axillary failure, and not for obtaining survival benefits. Due to the reasons mentioned above, the number of patients undergoing sentinel lymph node biopsy (SLNB) instead of ALND is rapidly increasing. As SLNB can contribute to a significant decrease in post-operative complications (4) , this method should be more widely recommended in the future.
Recently, certain reports have been published on the clinical results of SLNB after NAC (5-7). For patients with axillary lymph node metastases, SLNB performed after NAC can provide a measure of the therapeutic response of these lymph node metastases to chemotherapy. Thus, patients whose metastatic lymph nodes are free of cancer cells after NAC, could be spared from ALND. Furthermore, the degree of residual disease in the axillary nodes after NAC has a powerful independent prognostic value (8) . However, SLNB after NAC is still in the clinical testing stage. For patients who undergo NAC, SLNB has not been recommended until now, due to the possible interruption to the lymph-flow caused by fibrotic changes following chemotherapy (9, 10) and possible increases in false-negative cases (7, 11) . Therefore, for patients who undergo NAC, SLNB has been performed ONCOLOGY REPORTS 17: 1475 -1480 , 2007 Sentinel lymph node detection using computed tomography lymphography is accurate after neoadjuvant chemotherapy for breast cancer prior to the initiation of NAC (12) (13) (14) . The procedure has otherwise not been employed, in spite of the recent trend toward less-extensive breast surgery. However, it can be previously confirmed if the lymphflow changes before and after performing NAC for patients with breast cancer. In the present study, we investigated the changes in the lymph-flow and the detection of sentinel lymph nodes (SLNs) using computed tomography (CT) lymphography (15) (16) (17) before and after NAC.
Materials and methods

Patients.
We enrolled 53 patients with breast cancer who had undergone CT lymphography between May 2004 and April 2006. In total, 75 examinations were performed (Table I) ; 44 of the 75 examinations were performed before NAC (and/or for patients without chemotherapy) while the other 31 examinations were performed just after NAC. The procedures for CT lymphography were approved by the medical ethics committee of our university. After a comprehensive explanation, written informed consent was obtained from all the patients, prior to enrollment in the study.
NAC performed pre-operatively consisted of three to four courses of CAF chemotherapy (each chemotherapy administration consisted of 600 mg/m 2 cyclophosphamide, 600 mg/m 2 5-fluorouracil and 20-40 mg pirarubicin, every two weeks) and anti-estrogen agent (tamoxifen citrate for pre-menopausal women and toremifene citrate for postmenopausal women) according to our treatment strategy for patients with breast cancer (18) .
CT lymphography. CT lymphography was performed in the supine position using an Aquillion 16-detector row CT scanner (Toshiba Medical Systems, Tochigi, Japan), keeping the bilateral arms on the top of the head and the bilateral upper extremities vertical, resembling the surgical position.
Image collection (120 kV, 50 mAs, 0.5 sec scan time) was started at 1 min and 3 min after the injection of 2 ml iodine contrast medium (Iopamidol, Schering, Germany) subdermally just above the primary tumor and just beneath the areola, respectively. Following the injection of the contrast medium, a massage was performed for 30 sec at each injected region. To relieve pain due to the contrast medium injection, Penles (Lidocaine sheet, Wyeth, USA.) had been attached to the regions 3 h before the examination. The lymph-flow and SLNs were detected on thin slice axial images (1-mm slice thickness) and 3D-CT images (Fig. 1) . The images were interpreted prospectively and evaluated independently by 2 radiologists, each of whom had >5 years radiological experience, including experience with breast imaging. Differences in assessment were resolved by a consensus. Both observers were informed that the patients had breast cancer. However, they were completely unaware of the existence of NAC, pathological staging of cancer, patient age and body mass index (BMI). Table I . Characteristics of patients who underwent CT lymphography. 
CT, computed tomography; NAC, neoadjuvant chemotherapy. Data analysis. Differences in changes in lymph-flow, identification rate of SLNs and changes in the number of detected SLNs were examined before and after NAC. Moreover, factors which might affect the detection of SLNs, such as T factors, N factors, patient age, BMI and primary tumor site, were compared with the identification rate of SLNs.
Differences in categoric variables were analyzed using the Chi-square test or Fisher's exact test. P values <0.05 were considered statistically significant. Dr. SPSS software for Windows was used throughout this study.
Results
The overall identification rate for SLNs using CT lymphography was 84% (63/75) ( Table II) . The identification rate was 79.5% (35/44) for examinations performed before NAC and/or for patients treated without chemotherapy and was 90.3% (28/31) for examinations performed just after NAC. Therefore, the identification rate following NAC tended to be higher than before NAC, although there is no statistically significant difference between the two.
The factor that most affected the identification rate of the SLNs was the existence of metastatic axillary lymph nodes.
The identification rate of the SLNs significantly decreased to 42.9% (6/14) for patients with positive-axillary lymph nodes. Therefore, SLNs could not be detected for 8 of the 12 patients with positive nodes. The identification rate of the SLNs was also lower for patients with primary tumors ≥2 cm in the longest diameter evaluated by MRI. Patient age, BMI, and affected regions of the breast showed no correlation with the identification rate of the SLNs.
As shown in Table III , the identification rate of the SLNs was also higher after NAC for patients who underwent CT lymphography both before and after NAC.
As shown in Table IV , the number of detected SLNs was higher in 6 patients after NAC compared with before NAC and was unchanged in 16 patients (Fig. 2) . No patient showed a lower number of detected SLNs following NAC. Therefore, lymph-flow interruption due to NAC does not occur during the NAC treatment of 2 months.
For 2 patients with positive axillary nodes whose SLNs were not detected before chemotherapy, the SLNs became detectable after NAC. For 1 of these 2 patients the metastatic axillary lymph nodes were remarkably decreased in size by NAC, and the disappearance of the metastatic lesions was confirmed by a histopathological examination of the surgically resected specimen (Fig. 3) . ONCOLOGY REPORTS 17: 1475 -1480 , 2007 Table II. Identification rate of sentinel lymph nodes. 
-----------------------------------------------------------------------------------------------------a Fisher's exact test;
b χ 2 test; NAC, neoadjuvant chemotherapy; BMI, body mass index.
-----------------------------------------------------------------------------------------------------
Almost all SLNs were detected in the axillary region of level I. In the patients who had SLNs in the axillary region of level II or the ipsilateral mammary gland (Fig. 4) , CT lymphography was useful for identifying sentinel lymph nodes and for determining the axillary incision site.
Discussion
Factors which can affect the detectability of SLNs in patients with breast cancer are considered to be the technique used in the procedure, translocation of the contrast agent from the Table III . Identification rate and number of detected SLNs before and after NAC. ------------------------------------------------ SLNs, sentinel lymph nodes; NAC, neoadjuvant chemotherapy.
-------------------------------------------------Before NAC After NAC -------------------------------------------------
- ----------------------------------------------- Table IV . Changes in the number of detected SLNs before and after NAC. ------------------------------------------------- SLNs, sentinel lymph nodes; NAC, neoadjuvant chemotherapy.
-------------------------------------------------Number of detected SLNs (before ¨ after NAC) -------------------------------------------------
- --------------------------------------------- In computed tomography (CT) lymphography before neoadjuvant chemotherapy (NAC), the lymph-flow could not be observed and the sentinel lymph nodes (SLNs) were undetected. Due to NAC, the short diameter of the lymph node (H) was reduced to 3 mm from 7 mm. CT lymphography following NAC detected an SLN, which could not be detected before NAC. A total glandectomy and axillary lymph node dissection were performed, histopathologically confirming that lymph node metastasis disappeared. stroma to the lymphatic tissue, and drainage of the contrast agent into the lymphatic duct and lymph nodes. The problems associated with the techniques used for SLN detection include operator competency and the fact that some SLNs are difficult to detect in elderly or obese patients whose lymphatic tissues in the stroma are of relatively low density (19, 20) . The identification rate of SLNs reflects the investigator's learning curve with procedures such as the dye method and RI method. At any given institution, the identification rate improves over time, with a corresponding decrease in the false-negative rate (21) (22) (23) .
In terms of the influx of the contrast agent from the lymphatic duct and lymph nodes, we have to consider the factors of possible influx interruption, which could be caused by fibrotic changes induced by NAC and/or lymph node metastasis (24) . In the present study, there was no interruption to the lymphatic influx and the identification rate of the SLNs was not decreased by NAC.
In our study, the factor that most affected the identification rate of the SLNs was the existence of metastasispositive lymph nodes, and the improvement of lymphatic drainage into those positive nodes was recognized following NAC in some cases. Among these cases, the lymph nodes decreased in size following NAC, leading to the conclusion that the interrupted drainage into the positive lymph nodes was improved by a size decrease of the metastatic lesion in the positive lymph nodes due to NAC.
Moreover, freshly detected SLNs following NAC, which had not been detected by CT lymphography performed before NAC, should be recognized clinically as metastasispositive lymph nodes. Therefore, for patients showing these findings by CT lymphography, SLNB could be contraindicated. Additionally, if we perform SLNB before NAC for these patients, lymph nodes other than true SLNs could be resected as false SLNs, and this is one of the factors giving rise to false-negatives in SLNB.
In the present study, there was no correlation between the identification rate and patient age or BMI. Nevertheless, we still believe these parameters to be identification rate-lowering factors in the use of CT lymphography as well as the dye method and RI method.
The T-factor of primary tumors also affected the identification rate of the SLNs in our study, most likely because the frequency of metastasis-positive lymph nodes depends on tumor size (25) . The tumor growth does not affect the identification rate of the SLNs (26, 27) . However, the accuracy of the SLN detection is reduced by the tumor growth, possibly due to the appearance of new routes of lymphatic influx from the primary tumor (28) . Therefore, in patients with relatively large tumors, it is possible that the rate of false negative lymph nodes increases by performing SLNB. Thus, the size of the primary tumor at the initial examination could be an important factor in terms of the application of SLNB after NAC.
Patients who have clinically negative axillary lymph nodes and relatively small primary tumors before NAC are presumably good candidates for SLNB, and are also considered good candidates for the procedures following NAC. In the present study, there were few false-negative cases among these patients, validating the methods used.
The overall identification rate of the SLNs using CT lymphography was 84% (63/75), which was not altogether satisfactory. The patients with T1, T2-primary tumors and clinically negative axillary nodes showed a much higher SLN identification rate of 95.7% (22/23) . Therefore, we concluded that we can reliably perform CT lymphography following NAC for these patients.
Another reason to hesitate before performing SLNB after NAC is the non-homogeneity of the neoadjuvant chemotherapeutic effect for each node in patients with multiple metastasis-positive lymph nodes. If a metastatic lesion in the sentinel lymph nodes disappears by NAC, the patient produces a false-negative result for the existence of residual metastatic lesions in the non-SLNs. To resolve this problem, CT lymphography is considered a valuable tool in terms of recognizing the sizes of both SLNs and non-SLNs. As the size recognition of the each lymph node using CT has been reported to be meaningful in distinguishing between metastasis-positive nodes and negative nodes (29, 30) , we can also distinguish them based mainly on the decrease in size following NAC. Lymph nodes showing a relative decrease following chemotherapy are reliably considered as clinically-ONCOLOGY REPORTS 17: 1475-1480, 2007 Figure 4 . Inflow into the intramammary lymph node (¨) was observed before the contrast medium flowed into the axillary lymph node, and it was considered as a sentinel lymph node (SLN). If computed tomography lymphography is not performed, an axillary lymph node could be extracted as a SLN.
positive nodes at the time of pre-chemotherapy. Moreover, patients with smaller nodes following chemotherapy should be excluded from SLNB after NAC. Then, we will be able to achieve a decrease in the number of false-negative cases following NAC.
CT lymphography is technically easy to perform and the acquisition time is short, as there is no difference in the results at the time of the dividing period into the first and the second halves. In addition, CT lymphography can be performed at any institution equipped with a multi-row detector CT. This method also allows for the detection of the site of the SLNs pre-operatively. Thus, the incision site on the axillary region can be easily determined. It is especially valuable to identify the lymphatic drainage and the site of SLNs for use in the dye method, which cannot identify these features.
The present results indicate diagnosis can be improved by comparing changes in the lymph-flow or SLNs by CT lymphography before and after NAC. Therefore, it is possible that false negative cases could be lessened, choosing the safer option of SLNB after NAC. For breast cancer patients who desire SLNB instead of ALND after NAC, it is very useful to perform CT lymphography before and after NAC due to its efficacy in indicating whether SLNB should be performed after NAC.
